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SKIN TEMPERATURE RISE IN AN AIRCRAFT 
EXPOSED TO THERMAL RADIATION 

FROM A NUCLEAR EXPLOSION 

SUMMARY 

It is shown that, in many situations, aerodynamic cooling substantially 
reduces the temperature rise in thin skins of aircraft exposed in flight to 
thermal radiatio.i from nuclear explosions.  The maximum acceptable thermal 
dose, where this is determined by skin temperature rise, depends upon the 
time scale of the thermal input and thus upon the yield of the weapon 
involved. 

The problem i3 attacked by a finite difference analysis, and the 
maximum temrerature rise and the time at which it occurs are sho*n to depend 
on a single non-dimensional parameter.  The results are presented for a 
range of this parameter corresponding to the majority of practical situations. 

1    INTRODUCTION 

In many situations, the maximum yield of weapon which an aircraft may 
safely deliver is governed by the thermal, dose it can withstand.  In parti- 
cular, the temperature rise in the skin may be limited to some critical value 
determined by deterioration of the properties of the material or by unaccept- 
ably high thermal stresses.  It is clear that the operational capabilities 
of an aircraft can only be determined realistically if both the critical 
temperature limits and the temperature rise in a given situation are known 
accurately.  This Note considers the latter factor. 

In previous British analyses of the effects of thermal radiation on 
aircraft, it has been assured that the incident thermal dose, corrected for 
reflection at the surface and the obliquity of the akin bo the direction of 
propagation, is thereafter totally absorbed by the ekin and contributes in 
its entirety to the temperature rise.  It was known that during the time in 
which the thermal iadiation was received, some heat would be lost from the 
surface by forced convection to the airstream, but thi3 effect had not been 
evaluated and had been considered to be a factor of safety.  With the advent 
of thermonuclear weapons of high yield, it has now become necessary to 
examine this and other safety factors, in order to determine whether these 
weapons can be delivered at all by existing aircraft without damaging them 
seriously. 
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This Note considers the effect of aerodyne/pic cooling on the temperature 
rise of aircraft skins exposed to thermal radiation from nuclear weapons. 
The analysis is generalised and the range of variables chosen is believed to 
cover any likely situation. 

2 RATE OP THERMAL INPUT 

The thermal energy from a nuclear explosion is released in a pulse, 
the rate of output rising rapidly to a peak and decaying more slowly over a 
relatively long period of time.      It is possible to represent the thermal 
pulse in a generalised form giving the rate of thermal energy release as a 
fraction of its peak value,  in terms of a non-dimensional time whose units 
are the time trr<0^ at which the energy release is a maximum,  i.e. 

p(t)/p     = f(t/t   ) . (1) v  "   max v '  max7 v  ' 

This function, which is independent of yield,  is 3hovn in Fig.1  ;    it also 
represents the chape of the pulse received by a surface exposed to the 
radiation. 

In the subsequent analysis,  the amount of  energy received up to a 
given time is required, and this is obtained from an integral of equation (l) 
and takes the non-dimsnsional form 

Q(t)/Q    =   fft/t^) (2) 

where Q is the total thermal energy received.  A curve of equation (2), of 
American origin, has been widely published' and is shown in Pig,2.  The data 
actually used in this study are very similar to those represented in Pig.2, 
but were obtained in British trials with weapons in the megaton range^. 
There appear to be no data for times longer uhan 10 t_,ftY> and it is of 

importance to note that only about 80^o of the thermal energy is released up 
to this time.  Since i 

t    a 0.032 W2 sees (Ref.1) (3) 

it may be seen that some 20^5 of the thermal energy is still to be released 

after a time t =0.32 W2, which for a 5 Mt weapon, for example, is 
22.6 sees.  The fact that most of the energy is released after the peak 
permits a significant amount of convective cooling to occur in most circum- 
stances, as shown below. 

3    RATE OF HEAT LOSS 

It is assumed that the rate of loss of heat from an aircraft skin to 
the airstream can be represented by a heat transfer coefficient h such 
that when the temperature difference between the skin and the airstream 
is T, the rate of heat lo3s per unit area is hT.  It is not proposed to 
enter into a detailed examination of means by which the heat transfer 
coefficient may be calculated in different circumstances, but a brief state- 
ment of relevant data is given below. 

The heat transfer coefficient at any point depends upon the conditions 
in the boundary layer and the location of the point.  It is usually 
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assumed that the development of the boundary layer is similar to that on t 
flat plate, for which considerable experimental data are available.      A 
number of  empirical formulae have been developed to represent these data, 
and those recommended for use in kinetic heating studies seem to be tha 
most appropriate3.      At any point whose distance is x downstream from the 
leading edge, the looal heat transfer coefficient is given by 

0.332 pVCp Pr   '1  Re    Z fa.) 

when the flow in the boundary layer is laminar,  and by 

h   »   0.176 pVCp (log1Q Re)-2,45 (5) 

when the flow in the boundary layer is turbulent.      These equations may be 
modified by compressibility effects and chordwise pressure gradients and 
the heat transfer coefficient also varies somewhat with the temperature 
difference T when this becomes large.      The effects of some of these factors 
are considered elsewhere,  and appropriate specialist reports should be 
consulted3,4,5.  It will be seen later, howevsr, that the maximum tempera- 
ture rise in many situations is relatively insensitive to the heat transfer 
coefficient, to an extent which makes great accuracy in determining the 
latter unnecessary. 

It RATE OF TEMPERATURE RISE 

In attempting a general analysis of the rate of increase in skin 
temperature, it is necessary to make the following assumptions, ail of 
which appear to be justified in the majority of situations: 

(a) The heat transfer coefficient remains constant. 

(b) The thermal properties of the skin material remain constant. 

(o)      The reflectivity of the surface remains constant. 

(d) The skin and boundary layer temperatures are initially equal. 

(e) There are no temperature gradients through the skin. 

(f) Heat loss to adjacent structure i3 negligible. 

(g) Heat loss by radiation is negligible. 

Under these circumstances the temperature rise in the skin is governed 
by the differential equation 

zcl H   =   P(t) - hT (6) 

where, in this context, P(t) is the rate of heat input per unit area of skin 
at time t. 

Clearly, equation (6) can only be evaluated if P(t) is known as en 
analytic function of time.  Since it is not, it is necessary to consider an 
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anelysis using finite differences of the variables.  Equation (6) then 
beoomes 

AT zol ft = P(t) - hi (7) 

or 

AT    B   Plt)At_hTAt (Q) 
zol zcl x   ' 

where T is taken as the temperature rise at the centre of the trns interval 
At.      ftow P(t) At   is the amount of heat entering the skin during the interval 
At, which is AQ(t).      Then 

AT    _   A£(tl_hT_At () ai    ~     zol zcl     ' W 

To effect a general solution, we may make the substitutions 

and 

At    =   r^- .  x . 
fcmax       "** 

Further, let 

A   •   Ti ^1°) 

where T.  is the "ideal" temperature rise which would result if no heat were 
lost, arid let 

ht 

where b is a non-dimensional variable* 

Then equation (9) becomes 

AT    =   £21*1 . T        b . ^t_ . T (12) 
y max 

wherce 

AT    _    Afi(tl _ b . _At_    T_ (     v 
T. 

a non-dimensional equationo 

T.    "        Q t T. i * max      l 
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Then during the nth interval of time the non-dimensional temperature 
rise increases by 

AT            AQ(t)                AJ. T n                   'n      .       At _n /.. \ 
— =    — D .— • —                                    (14) 

i                                      max i 

At the end of this interval, let the non-dimensional temperature rise 

T' 

*n" 
be   =— > "here 

li 

T~ T AT 
n n      1 n / *c\ 

m~   =  sr" + ? • ~zr~ UP; 
l±        1i 1± 

During the next interval, the non-dimensional temperature rise increases 
by 

AT     . AQ(t)      . A. T     . n+1 ^N   'n+1      . At n+1 .,. 
    =    1 ~b't  ' ~T ' (l6) 

Tj, * max        l± 

But 

AT     . r T     J      T n+1    _    0 n+-<        n   J 

I Ti "TiJ 

Then equation  (16)  gives 

Ti 
(17) 

f-[?-*-^}(^-£)"1- <16> 
Now the non-dimensional temperature rise at the end of the (n+1)th 

interval is given by 

T T AT 
-f1   =   -f^*.-*2*1 (19) 

i i i 

AT 
and substituting for     -"^     from equation (17) 

Ti 

r 2 T       T~ 
n+1 n+1        n 
Ti Ti    ~Ti 
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It is now possible to erect a series from which the temperature rise at 
any time can be determined.      During the first interval 

AT, 2T. 
(21) 

and thus, from equation {%) 

=  2 
t AQ(t)1 

and 

( A     
b   At \ ( 1 +2- t~-) 

\       max / 
(22) 

«7 2T, 

i 
(23) 

Subsequently 

IS + i—r- 
and 

(18) 

T    , 2 T     .      T 
ry-1 n+1       n 
T. T.      " T.     * i 11 

(20) 

Using equations (22),   (23),  (18) and (20)  in turn, the variation of 
I/?, with t/t       may be determined for any value of the non-dimensional '   l '  max     * * 
variable b.      Thus the temperature rise time-history for any situation may be 
presented in term3 of cne parameter.      In using this method,  it  should be noted 
that the temperature rise T    occur* at the centre of the nth interval, i.e.  at 

a time (n-^)at.      In order to produce a generalised solution,  a large number 
of temperature-time series has been evaluated, using the basic assumptions 
given previously.      It is worth noting however, that in any particular 
situation, the solutions may be obtained if all the assumptions except (e) 
are discarded,  so long as the variation of all the relevant terms is known as 
a function of temperature or of time. 

Typical solutions have been worked out in the range 0.01 < b < 1.0, 
within which most precticsJ. situations are believed to lie.      Some of these 
are shown in Pig»3> the working having been concluded just after the mrxima 
had been reached.      For these solutions,  the time intervals used were 
at/t        = 0.25. ' max ' 

In Pigs«4 and 5, the maximum non-dimensional temperature rise T/T. 

and the non-dimensional time t/t        at which it occurs are plotted against 
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the parameter b«      A difficulty was encountered in determining these values 
when they occurred after 10 t      ,  sinoe there are no input data beyond this/'' 

point, which corresponds approximately to b = 0.01.      In Pig.^, the extra- 
polation down to b = 0.005 has been dotted to emphasise its hypothetical 
nature.      This extrapolation is mad<5 since situations involving low-yield 
weapons  and little cooling have been found to involve values of b some- 
what below 0.01. 

5 DISCUSSION 

It may be seen from Fig.4 that the maximum temperature rise in an 
aircraft skin in the presence of aerodynamic cooling is substantially less 
than has been assumed hitherto when no allowance for oooling has been made. 
The variation of maximum temperature rise with the parameter b is not rapid 
over the range 0.01 < b < 0.1, which is believed to bo the most important 
range.      It therefore appears that the values of the properties which 
compose b need not be known with extreme accuracy in order to determine the 
maximum temperature rise with some confidence. 

In using Fig.4,  it must be remembered that although high values of h 
and t        invariably favour low temperature rises, small values oi   (zc£) not 

only increase the value of b, but also that of T., since 

li    ~    zcl (10) 

Thus,  thin skins always suffer greater temperature rises than thicker ones, 
even though they favour lower values of T/T..      This is illustrated in 

Pig.6, for example, where the actual maximum temperature rise is plotted 
against ht       for skins of various thicknesses in DTD.%G material.      Fig«6 

also demonstrates more clearly than does FJg.if the relative insensitivity 
of the maximum temperature rise to the heat transfer coefficient.      Even in 
the thinnest material, a change in h by a factor of two changes T   by about 
10-20$. m 

When the skin is very thin, the reflective paint applied to the 
surfaces may contribute significantly to the heat capacity.      If the same 
assumptions are made as in Section 2».,  the subsequent analysis is applicable 
when the product {zct) is replaced by the total heat capacity per unit area 
of the skin together with its paint. 

It is important to note that, when aerodynamic cooling is taken into 
account, it is no longer possible to state a maximum tiiermal dose which 
a given aircraft will withstand, when this is limited by the rise in skin 
temperature.      Any .such critical dose must be associated with the yield 
of the weapon from which it emanates.      In general, a greater total thermal 
dose may be accepted from a weapon with a high yield than from one with a 
low yield, because of the increase in the time scale for the former weapon. 

6 ILLUSTRATIVE EXAMPLE 

An example involving a hypothetical situation is worked out below as 
an illustration of the use of the results. 

The maximum temperature rise in the aileron skin of a bomber is 
required when a total thermal dose, corrected for reflectivity and obliquity 
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of tne surface, of 10 cals cm~2 is received from a 2 Mt. explosion.      The 
skin is 26 gauge light alloy to DTD 546 and the point of interest is 12 ft 
downstream from the leading edge.      The aircraft is flying straight and 
level at M = 0.8 at 45,000 ft. 

It will be assumed, in this example, that the temperature rise is 
small enough for the properties of the air to be evaluated at ambient 
conditions, i.e., 

p    =   4.6 x 10"* slugs x ft"*5 

-8 -1      -1 u    =   2.94 x 10     slugs x ft   sec 

x   =    12 ft 

V    =   795 ft sec"1 

Then Re    a  °—   =    1.49 x 10 .      The boundary layer would thus he turbulent, 

and from equation (5)* 

h   =   0.176 x pVCp (log fl Re)"2*^5 

From equation (3) 

10 

h    =   3.29 x 10"5 CHU ft"2 sec"1 °C"1 

=    1.61 x 10"* cals cm"2 sec"1  °C~1 

1 

t =   0.032 K5 sees max 

=   1.43 sees. 

For 26 gauge DTD. 546 

—2      —1 
(zc6)    s   0.0262 cals cm     OC    « 

Then from equation (11) 

ht max 
D     e zc£ 

•   0.088 

From Fig.4 

VTi • °-56 
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Pram equation (10) 

Then 

Prom Pig.5 

Then 

T.     =    Q/zo* 

•   381°C 

T      =    213°C . 
m 

V^ • 3-75- 

t      =    5«36 sees. m 

Thus, the maximum temperature rise is 213°C occurring 5°36 8eca after 
bux3t. 

7 CONCLUSIONS 

A simplified analysis has been made cf the effects of aerodynamic 
cooling on the temperature rise of thin skins exposed to thermal radiation 
from nuclear weapons. 

It is shown that the maximum temperature rise,  expressed as a fraction 
of the value which would result without cooling, is a function of a single 
non-dimensional parameter.      A curve is given of this function together 
with a curve showing the time at which the maximum temperature rise occurs, 
also in non-dimensional form. 

The results indicate that the maximum temperature rise is substan- 
tially reduced by aerodynamic cooling in many practical situations. 
Attention is drawn to the fact that the maximum thermal doee which a 
structure may withstand depends upon the yield of the weapon from which 
it emanates. 

NOTATION 

The symbols used are defined as follows: 

ht 
b parameter    j- 

c specific heat of  skin material 

Cp specific heat of air at constant pressure 

h heat trtoisfer coefficient 

k thermal conductivity of air 
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NOTATION (CONTD.) 

I skin thickness 

t time after burst 

t time at which P(t) = P max v '        max 

t time at which T = T m m 

At interval of time 

x distance of point from leading edge 

z density of skin material 

Pr Prandtl number        \ ** k 

p(t) rate of emission or reception of thermal energy at time t 

P maximum value of P(t) max v ' 

Q(t) thermal energy emitted or received up to time t 

AQ(t) increment of Q(t) in time interval At 

Q total thermal energy emitted or received 

Re Reynolds number °  x J                              u 

T temperature rise 

T. "ideal" temperature rise -*-r 

T maximum temperature rise m 

T temperature rise at centre of nth time interval 

AT temperature rise during nth interval n 

T temperature rise at end of nth interval 

W weapon yield in kilotons 

p density of air 

u viscosity of air 
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Panama City, Fla. 

Commanding Officer, U.S. Naval Radiological Defense 
Laboratory, San Francisco, Calif. ATTN: Tech. 
Info. Div. 

Commanding Officer, U.S. Naval Schools Command, U.S. 
Naval Station, Treasure Island, San Francisco, Calif. 

Superintendent, U.S. Naval Postgraduate School, Monterey, 
Calif. 

Commanding Officer, Nuclear Weapons Training Center, 
Atlantic, U.S. Naval Base, Norfolk 11, Va. ATTN: 
Nuclear Warfare Dept. 

Commanaing Officer, Nuclear Weapons Training Center, 
Pacific, Naval Station, San Diego, Calif. 

Commanding Officer, U.S. Naval Damage Control Tng. 
Center, Naval Base, Philadelphia 12, Pa. ATTN: ABC 
Defense Course 

Commanding Officer, Air Development Squadron 5, VX-5, 
China Lake, Calif. 

Director, Naval Air Experiment Station, Air Material 
Center, U.S. Naval Base, Philadelphia, Pa. 

Commander, Officer U.S. Naval Air Development Center, 
Johnsville, Pa. ATTN: HAS, Librarian 

Commanding Officer, Naval Air Sp. Wpns. Facility, Klrtland 
AFB, Albuquerque, N. Mex. 

Commander, U.S. Naval Ordnance Test Station, Inyokern, 
China Lake, Calif. 

Commandant, U.S. Marine Corps, Washington 25, D.C. 
ATTN: Code A03H 

Commanding Officer, U.S. Naval CIC School, U.S. Naval 
Air Station, Glynco, Brunswick, Ga. 

AIR FORCE ACTIVITIES 

m, USAF, Washington 25, 

USAF, Washington 

Assistant for Atomic Energy 
D.C. ATTN:  DCS/o 

Deputy Chief of Staff,  Operations Hq 
25, D.C. ATTN:  Operations Analysis 

Assistant Chief of Staff,  Intelligence, HQ. USAF, 
Washington 25,  D.C.  ATTN:   AFCIN-TB2 

Director of Research and Development, DCS/D,  BJ.  USAF, 
Washington 25, D.C. ATTN:  Guidance and Weapons Div. 

The Surgeon General, HQ.  USAF, Washington 25, D.C. 
ATTN:  Blo.-Def.  Pre. Med.  Division 
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83 

8U 

85 

86 

87 

88- • 89 

90- • 91* 

95- • 96 
97 

98 

99 

100-102 

103 -10l* 

105 

106 

107 

108 

Commnnder-ln-Chlef, Strategic Air Command,  Offutt AFB, 
Heb. ATTN:  OAWS 

Commander, Tactical Air Command, Langley AFB, Va. ATTN: 
Doc.  Security Branch 

Commander, Air Defense Command, Ent AFB, Colorado. 
ATTB: Atomic Energy Dlv., ADLAN-A 

Commander, Hq. Air Research and Development Command, 
Andrews AFB, Washington 25, D.C. ATTN:  RDRWA 

Commander, Western Development Division (ARDC) P.O. 
Box 262,  Inglewood, Calif. ATTH: WDSOT 

Commander, AF Cambridge Research Center, L. G.  Hanscom 
Field, Bedford, Mass. ATTN: CRQST-2 

Commander, Air Force Special Weapons Center, Kirtland 
AFB, Albuquerque, N. Mex. ATTB: Tech. Info, and 
Intel. Dlv. 

Director, Air University Library, Maxwell AFB, Ala. 
Commander, Lowry AFB, Denver, Colorado. ATTB: Dept. of 

Sp. Wpns. Tng. 
Commandant, School of Aviation Medicine, USAF, Randolph 
AFB, Tex. ATTB: Research Secretariat 

Commander, 1009th Sp. Wpns. Squadron, HQ. USAF, Washington 

25, D.C. 
Commander, Wright Air Development Center, Wright-Patterson 

AFB, Dayton, Ohio. ATTN: WCOSI 
Director, USAF Project RABD, VTA: USAF Liaison Office, 

The RABD Corp., 1700 Main St., Santa Monica, Calif. 
Commander, Air Defense Systems Integration Div., L. G. 

Hanscom Field, Bedford, Mass. ATTN: SIDE-S 
Chief, Ballistic Missile Barly Warning Project Office, 
220 Church St., Sew York 13, N.Y. ATTB: Col. Leo 7. 
Skinner, USAF 

Assistant Chief of Staff, Intelligence, HQ. USAFE, APO 
633, Bew York, B.T. ATTN:  Directorate of Air Targets 

Commander-in-Chief, Pacific Air Forces, APO 953,  San 
Francisco, Calif. ATTN: PFCIE-MB, Base Recovery 

I35-I37      University of California Lawrence Radiation Laboratory, 
P.O. Box 808,  Llvermore, Calif. ATTB:  Clovls 0. Craig 

109 

110 

111-118 

119 

120 

121-122 

123 

12l» 

125-127 

128-129 

130-13^ 

OTHER DEPARTMENT OF DEFENSE ACTIVITIES 

DOD, Director of Defense Research and Engineering 
Washington 25, D.C. ATTN: Tech. Library 

Director, Weapons Systems Evaluation Group, Room 1E880, 
The Pentagon, Washington 25, D.C. 

Chief, Armed Forces Special Weapons Project, Washington 
25, D.C. 

Commander, Field Command, AFSWP, Sandia Base, Albuquerque, 
B. Max. 

Commander, Field Command, AFSWP, Sandia Base, Albuquerque, 
B. Mex. ATTB: FCTG 

Commander, Field Command, AFSWP, Sandia Base, Albuquerque, 
B. Mex. ATTB: FCWT 

Administrator, Bational Aeronautics and Space Adminis- 
tration, 1520 "H" St., B.W., Washington 25, D.C. 
ATTB: Mr. R. V. Rhode 

U.8. Documents Officer, Office of the United States 
National Military Representative - SHAPE, APO 55, 
Bew York, B.Y. 

ATOMIC ENERGY COMMISSION ACTIVITIES 

U.S. Atomic Energy Commission, Technical Library, 
Washington 25, D.C. ATTB: For DMA 

Los Alamos Scientific Laboratory, Report Library, P.O. 
Box 1663, Los Alamos, B. Mex. ATTN: Helen Redman 

Sandia Corporation, Classified Document Division, Sandia 
Base, Albuquerque, N. Mex. ATTN: H. J. Smyth, Jr. 

ATOMIC ENERGY COMMISSION ACTIVITIES 

138  Argonne National Laboratory, P.O. Box 299, Lemont, 
111. ATTN: Dr. Hoylande D. Young 

139-11*©  Bettie Plant, U.S. Atomic Energy Commission, Bottle 
Field, P.O. Box 11*68, Pittsburgh 30, Penn. ATTB: 
V. Sterhberg 

lUl-142  E. I. du Pont de Nemours and Co., Savannah River 
Laboratory, Document Transfer Station 703-A, Aiken, 
S.C. 

143-lW*  General Electric Co., Aircraft Nuclear Propulsion 
Department, P.O. Box 132, Cincinnati 15, Ohio. 
ATTB: J. W. Stepheneon 

11*5-11*7  General Electric Co., P.O. Box 100, Rlchland, Wash. 
ATTB: M. G. Freidank 

148  U.S. Atomic Energy Commission, Hanford Operations 
Office, P.O. Box 550, Richland, Wash. ATTB: 
Technical Information Library 

11*9  Holmes and Narver, Inc., 628 S. Flgueroa St., Los 
Angeles 17, Calif. ATTN: Sherwood B. Smith, Chief 
Project Engineer 

150 Knolla Atomic Power Laboratory, P.O. Box 1072, 
Schenectady, N.Y. ATTN: Document Librarian 

151 Lovelace Foundation,  4800 Gibson Boulevard, 
Albuquerque, N. Mex. ATTB: Dr. Clayton S. White, 
Director of Research 

152 National Lead Company of Ohio, P.O. Box 158, Mt. 
Healthy Station, Cincinnati 31, Ohio. ATTB: 
Reports Library 

153 U.S. Atomic Energy Commission, New York Operations 
Office, 70 Columbus Ave., New York 23, N.I. 
ATTN: Document Custodian 

I5U-I55  Phillips Petroleum Co., NRTS Technical Library, 
P.O. Box 1259, Idaho Falls, Idaho 

156 Chief, Radiological Health Branch, Office of Chief 
of Engineering Services, U.S. Public Health 
Service, Department of Health, Education and 
Welfare, Rm. 3072, North Building, 4th and C 
Streets, S.W., Washington 25, D.C. ATTN: James G. 
Terrlll, Jr. 

157 U.S. Atomic Energy Commission, San Francisco 
Operations Office, 518 17th St., Oakland 12, 
Calif. ATTN: Technical Operations Div. 

158-159     Union Carbide Nuclear Co., ORGDP Records Department, 
P.O. Box P, Oak Ridge, Tenn. 

160-162      Union Carbide Nuclear Co., X-10 Laboratory Records 
Department, P.O. Box X, Oak Ridge, Tenn. 

163     University of California at Los Angeles, Atomic 
Energy Project, P.O. Box 24164, West Los Angeles 
24, Calif. ATTN: Thomas G. Hennessy, M.D. 

164-165      University of California Lawrence Radiation Laboratory, 
Technical Information Div., Room 128, Building 50, 
Berkeley It, Calif. ATTN:  Dr. R. K. Wakerling 

166 University of Rochester, Atomic Energy Project, P.O. 
Box 287, Station 3, Rochester 20, N.Y. ATTN: 
Technical Report Control Unit 

167 Reynolds Electrical & Engineering Co.,  Inc., 
P.O. Box 352, Las Vegas, Nev.    ATTN: Mrs.  Elisabeth 
E. Heyer and Mrs. Gertrude M.  Schroer 

168 Weapon Data Section, Technical Information Service 
Extension, Oak Ridge, Tenn. 

169-2OO     Technical Information Service Extension, Oak Ridge, 
Tenn.   (surplus) 
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